Background: Aquaculture faces many challenges over the next decade, notably, combating diseases andepizootics, broodstock improvement and domestication, development of appropriate feeds and feeding mechanisms, hatchery and grow-out technology, as well as water-quality management. These all present considerable scope for biotechnological and other technology interventions. Aquaculture biotechnology can be described as the scientific application of biological concepts that enhance the productivity and economic viability of its various industrial sectors (Liao and Chao, 1997) [71].
INTRODUCTION
Estimates by the United Nations indicate that the current supply of seafood products will need to increase seven-fold if we are to meet the worldwide requirement for fish and other seafood by the year 2020. Given the decline in world fish stocks caused by overfishing and climate changes, it is clear that the demand can only be met by aquaculture. Aquaculture, especially shrimp farming, can be a quick and important source of income and foreign exchange earnings. It can bring social and economic benefits to coastal areas that, for example, do not have the options of growing agricultural crops. The Food and Agriculture Organization (FAO) reports that aquaculture is probably the fastest growing food-producing sector [1] . A sustainable aquaculture is only possible if several challenges are addressed. Challenges include: development of technologies based on sound scientific knowledge in areas such as the improvement of water quality, production aquaria, nutrition, health and genetics, both to domesticate and enhance growth rates, increase production efficiency, disease resistance, and expanded ecological range. Most current aquaculture problems result from trying to stretch a balanced ecosystem too far, in the interests of higher production or higher profits. Biotechnology is the use of biological processing methods to solve problems and help make aquafarming sustainable. By using knowledge produced by nutrition and food science about the physiology of nourishment and production of suitable foods, biotechnology will reduce the current cost of aquafarming feeding, improve feed conversion ratios, and provide adequate substitutes of protein ingredients. Sanitation in intensive culture systems will also be improved. Development of diagnostic kits to identify pathogens, genomic vaccines, and probiotics will be other achievements. Genetic engineering has yielded transgenic organisms with improved capabilities, such as fast growing and coldresistant varieties. In order to improve the performance of the industry, aquaculture will be revitalized by biotechnology applications.
TAIWAN AQUACULTURE YIELD AND VALUE
Aquaculture in Taiwan began more than 300 years ago. In general, the history of aquaculture development in Taiwan can be divided in three stages: 1) Traditional stage (1661-1962); 2) Prosperous stage ; and, 3) Transition stage (1988-present) . At present, Taiwan is recognized as one of the countries with the most advanced and practical aquaculture technologies in the world. In 1993, total seafood product export was 357,338 tons, which was only about half of the crop product eporst of 706,373 tons. In value, however, seafood exports as US$1,326 million were 64% more than that of crop exports, US$809 million [2] .
AQUACULTURE BIOTECHNOLOGY INDUSTRY DEFINITION AND SCOPE
The aquaculture biotechnology industry is one of Taiwan's newly flourishing industries. Its market share, numbers of researchers and products all have led to sound foundation as well as high potentials for future development. Today, aquaculture biotech products are coming out all around the world and have reached a key point in its take off. With Taiwan's existing climate conditions and outstanding fish farming techniques, the aquaculture farming biotech industry is aggressively developing warm water farming biotech products for fish and shrimp usage to achieve global competitiveness. In the future, first priority should be given for appropriating funds to this industry so that innovative biotech products can be developed along with the collaboration and integration among academia, research and testing units, and the farming industry. In addition, the industrialization of research results and the creation of a globally competitive biotech industry should be accelerated.
Main business items in aquaculture biotechnology include water quality improving agents, specific-pathogenfree (SPF) and specific resistant aquatic seeds, functional aqua-feed additives formula, fish meal substitution, aquaculture vaccines and antimicrobial agents, diagnostic kit for aquatic pathogens, transgenic ornamental (aquarium) fish and ornamental fish color enhancing diets, and automation high density recirculating farming system. With the growing worldwide demand for aquaculture biotech products and warm water fish farming technology still in the development stage, if Taiwan can fully utilize its established foundation and compete for time, it can develop into an international R&D center for warm water fish biotech products.
Over the years, cutting edge technologies have been developed that modernize traditional culture techniques. With the rapid global changes in the 21 st century, aquaculture in Taiwan should be transformed into a knowledge-based, environment-friendly, high-tech industry in order to remain competitive and sustainable. To revolutionize aquaculture, it is essential to apply biotechnology strategies. Biotechnological strategies include (a) water and soil quality bioremediation technology, (b) using molecular breeding and bioinformatics to develop superior aquatic seeds, (c) development of nutrition and aquafeed biotechnology, and (d) establishment of biosecurity strategy of aquatic animals, and (e) establishment of national wide seafood traceability system.
Water and Soil Quality Bioremediation Technology
Infectious diseases constitute a limiting factor in the development of the aquaculture production, and control has solely concentrated on the use of antibiotics. However, the massive use of antibiotics for the control of diseases has been questioned by acquisition of antibiotic resistance and the need of alternative is of prime importance. Water and soil are indispensable components of aquaculture. As the world population is approaching 10 billion by the year 2010, availability and competition for clean water will become critical. In order to sustain the aquaculture industry, new techniques and approaches must be researched to reduce the usage and discharge of water in the aquaculture system. Probiotics, which are microorganisms or their products with health benefit to the host, have found useful in aquaculture as a means of disease control, supplementing or even in some cases replacing the use of antimicrobial compounds [3, 4] . In the past, the additive that improving water quality, most are the phototrophic bacteria, nitrifying bacteria or bacillus. Research has been conducted on establishing complex probiotics so called "Effective Microorganisms (EM)" technology [5] . Our field test results indicate that using complex beneficial microorganisms (CBM) can low down the level of NH 4 + , nitrite and nitrate up to 90%, with a decrease in the death rate up to 90%. In addition, the dissolved oxygen rate increases from 40% to 96% and the water transparency increases from 33% to 52% after one week of CBM treatment.
Molecular Genetic and Breeding Technologies
An increasing number of genetically improved aquaculture species are now commercially available throughout the world. Aquaculture activity has increased dramatically since the early 1980s, and it will become more important as demand for seafood products increases, world harvest by capture fisheries reaches a plateau or declines, and human population increase. Growth rate and disease resistance are the most economic important traits for most aquatic species under selection. Although several aquaculture species have been greatly improved through the application of genetics, much greater genetic progress and breeding schemes can be accomplished. Genetically improved fish developed through selective breeding (individual, family, and population selection), intraspecific crossbreeding or line breeding, interspecific hybridization, polyploidy, sex reversal (genetically monosex), and markerassisted selection (MAS), are now being commercially applied for various species throughout the world [6, 7, 8] .
The introduction of next-generation sequencing, NGS, has resulted in the generation of thousands of genomes from all domains of life. The recent large-scale analysis of marine microbes, along with transcriptomic and proteomic approaches to the study of teleost fishes, mollusks and crustaceans has provided a better understanding of phenotypic variability and functional genomics in Taiwan. Several genomic projects on the important aquaculture species in Taiwan have been launched in the leading research academic institutes in the country (Tables 1 and 2) . Comparative genomic analysis has been applied to study the structure, function and evolution of genomes of relevance to aquaculture and is laying the foundation for future largescale studies of gene expression, protein metabolism and adaptive traits [9] .
Large amount of genetic markers have been developed starting from genomic and transcriptomic databases that have been used to construct integrated genetic linkage maps, and progress has been made for QTL mapping. The largely covered genomes and transcriptomes of several model fish species have been widely used for comparative mapping and gene mining to identify candidate genes. Marker-assisted selection has begun to be implemented effectively in some breeding programs related to resistance to pathologies, growth or for controlling sex ratios. Also, the assessment of the benefits of genomic selection (GS) uses genome-wide association studies (GWAS) and combines molecular markers (high density and throughput genotyping) with phenotypic and pedigree in an attempt to increase the accuracy of the prediction of breeding and genotypic values for improving economic importance quantitative traits with low heritability and/or difficult to measure in the selected broods has begun in many marine species with the highest genomic resources. An effort should be made to move towards the best sustainable aquaculture systems, and for this, genetics can provide suitable tools both for avoiding potential impact as well as for monitoring escapees and introgression in wild populations.
As space for aquaculture becomes more limited, the necessity for more efficient production will further increase the importance of genetic improvement of aquaculture species. The combination of a variety of genetic improvement programs -traditional, biotechnological, genomics and genetic engineering -is likely to result in the best genotypes for aquaculture in the future.
Chromosomal Manipulation in Shellfish
One of the methods for genetically altering the oyster is through induced triploidy. Triploidy is a condition by which the animal retains three sets of chromosomes (3N) rather than the usual two sets (2N, diploidy) and all cells of the oyster remain triploid thereafter. The principal characteristic of triploids is that, relative to diploids, they are virtually sterile. In sterile triploids, stored energy not used for reproduction is generally allocated to body tissue growth. Reduced gonad production also improves meat quality. These attributes are beneficial in aquaculture because reproduction can cause a decline in product quality, contribute to mortality, or impede growth. Triploidy has proven valuable to the oyster industry it demonstrated that triploid oysters (Crassostrea gigas) grew faster, survived well and maintained superior meat quality during the summer compared to normal, reproductive (diploid) oysters. During the past years the Taiwan industry has been gradually increasing its production of triploid Pacific oysters to supply its expanding markets [10] .
Development and Application of Transgenic Aquatic Organisms
From 1995, we have successfully produced transgenic loach [11] , Japanese abalone [12] , giant freshwater prawn [13] , tiger shrimp [14] and white shrimp [15] and silver sea bream [16] and Nile tilapia for growth promotion. Transgenic microalgae [17] and Artemia [18] have been established as bioreactor to produce exogenous proteins such as GH and antimicrobial peptide. The first transgenic green fluorescent medaka expressing enhanced GFP driven by medaka betaactin promoter was generated in Taiwan [19] and sterile transgenic medaka named as TK-1 was sold as a pet by Taikong Corp. in 2003. In 2010 and 2012, a new generation of expression vectors with enhanced GFP or Acropora coral RFP gene expression driven by strong fish muscle-specific mlc2, mlc3 promoter [20] or ckmb promoter/enhancer [21, 22] have been constructed for establishment of novel middle-sized transgenic green and pink fluorescent ornamental fish convict cichlid (Archocentrus nigrofasciatus) [23] and angelfish (Pterophyllum scalare) [24, 25] , respectively by academic and industry (Jy Lin Co.-Taiwan's leading exporter of ornamental fish) collaboration in Taiwan. In addition, many transgenic zebrafish lines are developed as animal models of human diseases such as liver diseases and cancers. Liver-specific [26] , heart-specific [27] and intestine-specific [28] promoters are firstly identified by Taiwan's researchers to establish transgenic zebrafish with organ-specific fluorescence as powerful tools to study organ development and relative diseases. Transgenic zebrafish with liver-specific dual expression of HBV X protein (HBx) and HCV core protein is the first zebrafish model of human intrahepatic colangiocarcinoma (ICC) [29] . HBV X protein and aflatoxin B1 synergistically cause hepatitis, steatosis and liver hyperplasia in transgenic zebrafish [30] . Liver-specific expression of HBx and src in the p53 mutant can trigger hepatocellular carcinoma (HCC) formation in zebrafish [31] . Zebrafish transgenic lines also can be used as an effective living bioindicator for detecting environmental toxicants [32] . Transgenic tilapia lines expressing Atlantic salmon genes including Δ6-desaturase, Δ5-desaturase, elongase involved in omega-3 polyunsaturated fatty acids EPA and DHA synthetic pathway by using tilapia liver-specific fabp10a promoters are being established to develop as the bioreactor. 
Recombinant DNA Technique
Cloning of economically important genes: Various important genes from marine fish and shrimps have been cloned including ghrelin, neuropeptide Y (NPY) [33] , adiponectin/Acrp30, myostatin [34] , farnesoic acid Omethyltransferase (FAMeT) [35] , antimicrobial peptides including shrimp penaeidin [36] , tilapia hepcidin [37] , grouper epinecidin-1 [38] etc. and many other genes like tilapia short progranulin [39, 40] that are potentially important for applications such as appetite stimulation, growth promotion, metabolism, reproduction, pathogen defense, immune modulation in aquaculture biotechnology. Those bioactive molecules have been produced by recombinant protein expression technique and field trial is under way.
Nutrition and Aquafeed Biotechnology
In aquaculture or fish farming, nutrition is one of the most critical parameters because feed represents 40-50% of the production costs. Fish nutrition has advanced dramatically in recent years with the development of balanced commercial diets and new species-specific diet formulations that will support the aquaculture industry as it expands to fulfill demand for green, affordable, safe, and high-quality seafood products. Fish meal is the most common protein source for many fish diets but it has some disadvantages. One disadvantage for fish producers is that it is expensive. Another concern regarding fish meal is the stability of supply. In line with the development, current nutritional research aims to (a) using biotechnology to produce alternative plant-based protein sources; (b) juvenile and brood stock nutrition for marine fish and shrimp; (c) using nutrigenomics and molecular nutrition concept to develop various functional feeds; such as, potent attractants, growth enhancer, immune-stimulants, maturation stimulants and color enhancing additives. The interaction between nutrition, optimal growth and health is also actively researched by the members of the team. As well, the use of Chinese herbal medicine in aquaculture would help take the pressure off wild fish stocks is under investigation in Taiwan [41] .
Bio-Security Management of Aquatic Animals
Mortality due to diseases or decreased growth rates and/or decreased feed efficiency due to infections are major factors for economic loss in aquaculture. In addition, as the density of fish or shellfish in an intensive aquaculture facility becomes more concentrated, the probability of individuals coming into contact with a potential pathogen becomes greater. Thus, safeguards to protect the health of both fish and shellfish in an aquaculture facility become very important. While aquaculture has made rapid advances in the past few years in fish and shellfish diagnostics, disease prevention and disease control measures lag significantly behind. Biosecurity protocols such as diagnostic procedures, Standardized Operating Procedures (SOPs) and Hazard Analysis Critical Control Point (HACCP) and techniques for health and quality improvement have recently been applied to the culture of penaeid shrimp and finfish for human consumption in Taiwan (Fisheries Agency Fisheries Yearbook in Taiwan Area, 1978-2006).
Grouper Aquaculture
Grouper (Family Serranidae) is one of high-valued species of great economic importance in Taiwan and in other Asian countries as well. However, the rearing of grouper in Taiwan has been plagued by serious losses due to outbreaks of infectious diseases since the 1990s, including viral nervous necrosis (VNN) and iridoviral infections [42] [43] [44] .
VNN pathogen, nervous necrosis virus (NNV), belongs to the genus Betanodavirus of the family Nodaviridae [45] . The disease has been a major threat to young juvenile groupers, especially during the metamorphosis, often with a mortality up to 100% [46, 47] . So far, three forms of NNV vaccines targeting at the capsid protein have been successfully developed, i.e., inactivated vaccine [48, 49] , virus-like particle vaccine [50] [51] [52] [53] and subunit vaccine [54, 55] . These vaccines are effective in protecting the juveniles from horizontal infection. In addition, Kai and colleagues have demonstrated that vaccination of grouper broodstock with inactivated NNV can reduce the risk of vertical transmission by the virus [56] . Nonetheless, a previous attempt to develop DNA vaccine against fish betanodavirus has proved in vain [57] , raising a question of the feasibility of DNA vaccine against betanodaviral infection in fish. Most recently, we have successfully developed an effective DNA vaccine against NNV infection in orange-spotted grouper. The vaccine contains a plasmid encoding the entire NNV capsid protein and is capable of protecting the fish from NNV infection at as early as one week post-vaccination (manuscript in revision).
Also, iridoviral diseases have caused serious epidemics in culture groupers from juvenile stage to adult in Taiwan. Up to now, two kinds of iridoviruses were obtained and were designated as grouper iridovirus of Taiwan (TGIV) of genus Megalocytivirus and grouper iridovirus (GIV) of genus Ranavirus within the family Iridoviridae [43, 44, [58] [59] [60] . In 2011, the first fish vaccine, grouper iridovirus inactivated vaccine (animal drug manufacture code no. 08766), was approved in Taiwan [61] . This vaccine product is developed by Animal Health Research Institute, Council of Agriculture, Executive Yuan, R.O.C. (Taiwan). However, this injectable vaccine is not recommended for fingerling sized under 6 cm or 3 g [61] . Therefore, in consideration of cost and practicality, effective oral delivery, novel vaccines from biotechnology and bivalent vaccine against two kinds of grouper iridoviruses are being studied by NTOU vaccine research team. First, we have successfully developed formulation of aquatic multi-emulsion for orally delivery to grouper fry [62] . And multi-emulsified structure was proven that it can give assistance for substances (inactivated vaccine, antiviral IgY and immunostimulants etc.) to passing through ordeal of pH and pepsin in gastrointestinal tract, and improves the in vivo bioabsorption in grouper. Most recently, we have confirmed multiemulsified technique can more improve the efficacy of oral monovalent/bivalent DNAbased vaccine against TGIV/GIV close to injectable vaccine (manuscript in preparation). Consequently, we do hope that the above accomplishments will become practical countermeasures for controlling iridoviral epizootics and give aid to speed up the advancement of grouper aquaculture industry in the near future.
Shrimp Aquaculture
The shrimp industry was once an economically important source of income of Taiwan. However, this industry rapidly declined in the 1990s because it was threatened by many pathogens. Owing to the most shrimp pathogens in Taiwan are viruses, the current progress in the shrimp industry is set to prevent or cure viral diseases. Thus, some new promising directions are opening up in shrimp research and some of these directions are really help to develop useful products now. And developing the shrimp viral protective reagents is the most difficult issue.
Several viral protective reagents were developed to antiwhite spot syndrome virus (WSSV). The strategy for those reagents may use inactivated whole viral particles [63] or the gene products of some important WSSV coat protein genes such as VP28, VP19, VP26, VP292, VP53A, VP36B, VP466 and so on [64] [65] [66] [67] [68] . Recently RNA interference (RNAi) method has been applied to WSSV research. However, the purpose for using RNAi is to knock-down gene expression, not to "vaccinate". It should be more carefully to define the different concepts. In spite of this, many methods and targets have been verified to be useful to protect shrimp from WSSV infection.
Traceability System of Seafood
The increasing global trade of foods and animal feeds has to be channeled in right directions to guarantee product safety, transparency and the protection of consumer health. According to this fact the European Regulation (EC) No 178/2002 lays down the common principle for implementing traceability systems in product supply chains. However, seafood is a highly perishable food item which is increasingly global traded so that a lot of particular conditions and difficulties more have to be taken into account compared to other food products. Recently the relevant regulations for traceability in seafood and analysis techniques for characterizing seafood have been established in Taiwan [69, 70] .
CONCLUSION
All of the above mentioned platforms and other new emerging technologies will undoubtedly generate the "blue revolution" that will contribute to future food security. These cutting edge works associated with genetic mapping, molecular markers and biotechnology must be focused on benefiting poor people and the environment. This is crucial for the well-being of today's hungry people and future generations.
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